BACKGROUND/OBJECTIVES: Age-related muscle and fat mass (FM) changes are ethnicity specific. We aimed to develop a cut-point for the muscle mass component of sarcopenia for black South African (SA) women, and to assess its predictive value, in comparison to established cut-points, to identify functional ability among older black SA women. SUBJECTS/METHODS: In a cross-sectional study, a sarcopenia cut-point was calculated from dual energy X-ray absorptiometry (DXA)-derived appendicular skeletal muscle mass (ASM) indexes (ASMI) from two young black SA reference groups. The new cutpoint was compared with the most recent Foundation for the National Institutes of Health (FNIH) criteria (ASM o 15.02 kg; and ASM BMI o0.512), an internationally accepted cut-point (ASMI o 5.5 kg/m 2 ) and a residual method adjusting for FM. All cut-points were then applied to 221 older black women to predict gait speed and handgrip strength. RESULTS: A cut-point of ASMI o 4.94 kg/m 2 was derived from the young SA reference groups. Using this cut-point, 9.1% of older women were classified as sarcopenic, compared with 16.7-38.7% using other cut-points. The only cut-points that significantly predicted low functional ability (low gait speed and low handgrip strength) in older black women were the new SA cut-point and the FNIH ASM criterion. Multivariate logistic regression models for both these cut-points significantly predicted low handgrip strength (odds ratio (OR) = 3.71, P = 0.007 and OR = 3.42, P = 0.001, respectively) and low gait speed (OR = 9.82, P = 0.004 and OR = 8.71, P = 0.008, respectively). CONCLUSIONS: The new SA cut-point had similar or greater odds of predicting reduced functional ability in older SA women when compared with other internationally accepted cut-points.
INTRODUCTION
Age-related loss of muscle mass and function, known as sarcopenia, is receiving increasing attention with ageing of the global population. 1 Various cut-points for appendicular skeletal muscle mass (ASM), as well as the ASM index (ASMI, ASM divided by height squared), together with measures of muscle strength (handgrip strength) and physical performance (gait speed) have been proposed, [2] [3] [4] [5] which identify sarcopenia, a condition associated with decreased physical functioning, frailty, falls and mortality in older adults. 6 However, Batsis et al., 7 have identified a high degree of variability in the prevalence of sarcopenia depending on the criteria used. This is further compounded by the fact that muscle quantity and quality declines with age, whereas fat mass (FM) increases. 1 Several methods have attempted to account for obesity when identifying sarcopenia, with adjustment of ASM for FM and height 5, 8 or for body mass index (BMI). 9 In addition, height and therefore muscle mass, as well as adiposity, differ in different populations, 10 suggesting that standard criteria for sarcopenia may not be appropriate globally. In order for sarcopenia to be identified as a clinical condition, standard criteria, which are independently validated in different populations, are required. 9 Cut-points to classify sarcopenia have not been determined in black African individuals, which is of particular relevance as the body composition of Africans differs considerably from Caucasians. 10, 11 Specifically, height, body fat and body fat distribution differ between African and Caucasian populations. 10 The aim of this study was therefore to develop an appropriate cutpoint for sarcopenia for black South African (SA) women, which includes adjustment for differences in body size, and to assess the ability of the newly derived cut-point, in comparison to established cut-points, to categorise older women according to functional ability, the other important component of sarcopenia.
SUBJECTS AND METHODS
Dual energy X-ray absorptiometry (DXA) data from two reference groups of black SA women aged 18-40 years from Cape Town (n = 238) 12 and Soweto (n = 371) 13 were used for the determination of a sarcopenia cut-point. As the women from the two regions may represent different SA tribes, 14 and different DXA machines were used, reference data were not pooled. The body composition data of the SA reference groups were compared with the reference group of 229 non-Hispanic white male and female participants in the Rosetta Study, aged 18-40 years, 2 used to derive the first widely adopted ASMI-based sarcopenia cut-point of o5.5 kg/m 2 in women. 11 The SA women were also compared with 349 Brazilian women, aged 18-40 years, selected as a reference from a developing country. 3 These women served as a young healthy reference group in a study to define sarcopenia in older Brazilian women. 3 The ability of the derived cut-points to predict physical performance and strength was examined in a random sample of 221 black SA women, aged 45-84 years, recruited from Tlokwe municipality in the North-West province, SA. 15 This study focused on a cut-point for women, because DXA data for female participants only were available. Inclusion criteria were as follows: (i) apparently healthy and living independently, with no disabilities and (ii) not pregnant or lactating. A similar demographic questionnaire at all three sites assessed socioeconomic status on the basis of education and access to water and sanitation. Body composition (FM; fat-free soft tissue mass; and body fat percentage) was measured using DXA (Hologic Discovery-W, software version 12.7 for Cape Town, South Africa; QDR-4500A software version 12.5:7 for Soweto, South Africa; and Hologic Discovery W, APEX system software version 2.3.1 for North-West, South Africa). FM and fat-free soft tissue mass for the whole body, trunk and limbs were derived using standard DXA cut-off lines. ASM was determined by summing the arm and leg data and ASMI by dividing ASM by height (metres) squared. ASM BMI was calculated as ASM divided by BMI. A cut-point for sarcopenia was calculated as the ASMI two s.d. below the mean for each reference group. In addition, the residual method (RM) was used to define a cut-point for ASM, adjusting for height (m) and FM (kg). 8 To assess physical performance in the older group from North-West, grip strength and gait speed were measured by trained post-graduate Biokinetics students around mid-morning. Grip strength was measured for the dominant hand using a dynamometer, using the maximum of three repeated measurements (Jamar, Bollingbrook, IL, USA). 16 Time to complete a 6 m walk test was recorded with a stopwatch to calculate gait speed in m/s. 17 Participants were tested for HIV using the HIV card test (PMC Medical, India), with pre-test and post-test counselling and referral for treatment if tested positive.
Outcomes
The proportion of the sarcopenic women in the older group was calculated using five methods: (i) the Foundation for the National Institutes of Health (FNIH) criteria for sarcopenia of ASM BMI o0.512 (FNIH ASM BMI ), (ii) ASM o15.02 kg (FNIH ASM), 9 (iii) the European Working Group on Sarcopenia in Older People ASMI cut-point (5.5 kg/m 2 ) (EWGSOP ASMI), 11 (iv) the RM cut-point 8 and (v) the new cut-point calculated from the SA reference groups (SA ASMI).
The Research Ethics Committees of the Universities of Cape Town, Witwatersrand and North-West approved the studies, and written informed consent was obtained from all participants.
Statistical analysis
The Kruskall Wallis and χ 2 -tests were used to compare variables between the two SA reference groups. Differences in body composition, ASMI and sarcopenic cut-points between the SA groups, the Rosetta study reference, 2 and a Brazilian group 3 were determined using the means, s.d. and samples sizes to derive a z-statistic.
The proportion of sarcopenic women according to each of the five cut-points, who also had gait speed o0.8 m/s and handgrip strength o16 kg, was determined by cross-tabulation. 4 Receiver operating characteristic curves were created for the ASM, ASM BMI , ASMI and residuals, against low gait speed and low grip strength as gold standards for low functional ability. The area under the curve (AUC) and the sensitivity and specificity were determined for each method to discriminate between sarcopenic women who had low versus normal functional ability. Univariate odds ratios were calculated for sarcopenic women according to each cut-point to have low gait speed or low handgrip strength. Multivariate odds ratio were then calculated for the SA cut-point (SA ASMI) and the FNIH ASM cut point, adjusting for age, HIV status, tobacco use, education level and self-reported osteo-arthritis in backward stepwise logistic regression. Statistical analyses were performed using SPSS, version 22 (SPSS, Chicago, IL, USA).
RESULTS

Reference groups
Approximately half of the SA women from the young reference groups had water inside the house (40.2%), flush toilets (47%) and high school education (56%). Table 1 shows that both SA groups had a higher BMI and body fat percentage compared with the international reference groups. ASMI was not different between the SA and Rosetta 2 groups, but the Brazilian group 3 had the lowest ASM and ASMI. The mean sarcopenia cut-point for the two SA groups was 4.94 kg/m 2 . The RM (linear regression of FM and height on ASM) yielded the following equations for the references:
Cape Town: ASM (kg) = 8.57+0.78 × FM (kg) − 0.09 × height (m), adjusted R 2 = 0.60, P o0.001.
Soweto: ASM (kg) = 7.93+0.79 × FM (kg) − 0.09 × height (m), adjusted R 2 = 0.63, P o0.001.
The sarcopenia cut-points (2 s.d. below the mean residuals) were − 1.42 and − 1.56, respectively, with a mean of − 1.49. 8 ASMI was significantly greater among the overweight/obese compared with the normal weight women in both SA reference groups (Soweto: 7.80 ± 0.96 kg/m 2 versus 6.11 ± 0.65 kg/m 2 , Po 0.001; Cape Town: 8.33 ± 0.84 kg/m 2 versus 6.35 ± 0.62 kg/m 2 , Po 0.001, respectively). Accordingly, the sarcopenia cut-points varied considerably between overweight/obese and normal weight groups (Soweto: 5.88kg/m 2 versus 4.81 kg/m 2 ; Cape Town: 6.65 kg/m 2 versus 5.11 kg/m 2 , respectively).
Older women
Most of the older women in this study had access to water and sanitation, but the majority had only primary school education. Few (7.4%) of the older women were underweight, 26.1% were normal weight, 23.9% were overweight and 42.6% were obese. The older women were recruited as apparently healthy women, but on the study day 9.5% tested HIV positive. The performance of different sarcopenia cut-points to predict low gait speed and handgrip strength among older black SA women is presented in Table 2 . FNIH ASM 9 defined the largest proportion of the older women as sarcopenic (38.7%), with the SA cut-point (4.94 kg/m 2 ) classifying the smallest proportion (9.1%). The two cut-points that included adjustment for adiposity yielded similar results, 21.4% and 20.8%, respectively ( Table 2) . Except for the FNIH ASM cutpoint, all cut-points had relatively low sensitivity to identify sarcopenic women with low gait speed (23.1-30.8%) or low grip Table 2) . The AUCs derived from the receiver operating characteristic curves showed that ASM and ASMI had good ability to discriminate between those with a low versus normal gait speed (AUC = 0.76 and 0.74, respectively, P o 0.05, Figure 1A) , as well as low versus normal handgrip strength (AUC = 0.67 and 0.64, respectively, P o0.05, Figure 1B) . The corresponding AUCs for the RM and ASM BMI to discriminate between those with a low versus normal gait speed, as well as for low versus normal handgrip strength, reflect insufficient discriminative power. (Figure 1A and B ).
Only the new SA and the FNIH ASM 9 cut-points significantly predicted both low gait speed and handgrip strength (Table 2) in older women. In multivariate logistic regression models with adjustment for possible confounders, the SA and the FNIH ASM cut-points still significantly predicted low gait speed (OR = 9.82 and 8.71, both P o0.05) and low handgrip strength (OR = 3.71 and 3.42, both P o0.05) ( Table 3) .
DISCUSSION
A sarcopenia cut-point of ASMI o 4.94 kg/m 2 derived from two young SA reference groups classified 9.1% of older SA women as sarcopenic. This cut-point had similar or better predictive value compared with other established international cut-points to identify low functional ability in older black SA women. However, the recently derived FNIH ASM cut-point, which does not take into account any measure of body composition, had the greatest specificity and sensitivity to detect low functional ability in older black SA women.
Despite the adoption of international cut-points, there is no consensus regarding their appropriateness in different populations. 18 Several groups have developed populationspecific sarcopenia cut-points. 19, 20 EWGSOP recommends normative reference populations of healthy young adults, instead of convenience samples. 11 However, there are no clear criteria for the selection of the reference group, with sample size and composition varying greatly between studies, namely 122 women in the Rosetta Study 2 compared with 2392 in a Korean study. 20 An important finding of this study was the wide variation in sarcopenia prevalence when different cut-points are applied. The major variability in ASMI and sarcopenia cut-points may be attributed to the variation in FM between the groups. Compared with the two international reference groups, the SA reference women had higher body fat percentage and BMI. These results suggest that if overweight and obese individuals are included in the young reference group to derive a cut-point for sarcopenia, a larger variation in ASM and ASMI will be observed. This will lead to lower cut-points, resulting in fewer individuals being identified as sarcopenic. These findings suggest that obese persons should be excluded from healthy reference groups used to calculate sarcopenia cut-points. However, this may pose challenges in most developed, as well as many developing countries, such as SA, in which the majority of adult women are classified as overweight or obese.
Because of the high prevalence of obesity in the SA reference groups and the older women, both ASM BMI and the RM, with adjustment of ASM for BMI, or height and FM, respectively, were also applied. 8, 9 The rationale for these methods is that excessive FM rather than poor muscle strength is the major determinant of physical disability among older women. 3, 21 Using these adjustment methods, we identified more women with sarcopenia compared with two of the methods not taking obesity into account (21.3 and 20.8% versus 16.7 and 9.1%, respectively). However, both FNIH ASM BMI and the RM, proposed as more appropriate methods for overweight populations, 8, 9 were not better predictors of functional ability of black SA women compared with the cut-points based on ASM and ASMI only. Our results differ from the results of Oliveira et al. 3 who found that sarcopenic women, identified using the RM, had weaker quadriceps muscle strength compared with non-sarcopenic women; however, our study used different tests for functional ability. In another study from Brazil, the authors regarded the RM as more appropriate to diagnose sarcopenia among overweight and obese compared with normal weight women. 21 The reasons why these methods were not better predictors of functional ability compared with those based purely on ASMI in our study are unknown. DXAderived fat-free soft tissue mass of the arms and legs may not be sufficiently indicative of their function. The proportion of connective tissue in muscle increases with increasing adiposity, thereby reducing lean tissue density, and hence the quality of the muscle. 22 Another reason for the large variance in ASM and hence sarcopenia cut-points may be the differences in height between the reference groups ( Table 1) . As there is a strong positive association between ASM and height, the Baumgartner 2 and Newman 8 definitions adjust ASM for height. The shorter stature of the SA and Brazilian participants compared with the Rosetta reference group may be genetically determined or linked to early undernutrition. Low socioeconomic status of the SA women may have contributed to early undernutrition and a shorter adult height and smaller ASMI. 23 Childhood stunting remains a public health problem in SA and Brazil. 24, 25 These findings indicate that height standardisation may be necessary for populations in transition, such as SA and Brazil, in which both undernutrition and overnutrition exist in the same community. 24, 25 Although the FNIH ASM definition does not correct for height or BMI, it identified a higher prevalence of sarcopenia when compared with height-adjusted methods (38.7% versus 16.7% and 9.1%). This cut-point, together with the newly derived SA cutpoint, was able to predict both low gait speed and handgrip strength in the older group of SA women. Compared with other internationally accepted cut-points, the FNIH ASM cut-point had the highest sensitivity and specificity to identify reduced functional ability. This finding is surprising given that 90% of the participants in the FNIH study were white, with a very small proportion being of African descent. 9 Indeed, it is well recognised that body composition, in particular height and body fat, differs considerably between Africans and Caucasians. 10 In addition, in contrast to our study, and the previously established cut-points that were derived from young reference groups, the FNIH cutpoint was based on data from a very large and diverse sample (over 15 000) of community-dwelling older women. 9 The results of our study suggest that it may be more appropriate to define sarcopenic cut-points using older adults, rather than a young healthy reference population. However, longitudinal studies are required to confirm the predictive value of these different cut-points, in particular focusing on the main consequences of sarcopenia, namely functional decline, falls and mortality. 6 Although low gait speed and low grip strength were used as gold standards for low functional ability in our study, standards in line with more advanced consequences of sarcopenia, namely falls, could be useful. On the basis of the new SA cut-point of ASMI o 4.94 kg/m 2 and the new FNIH criteria, older black women identified with sarcopenia had similar odds (9.8 versus 8.7) of having low gait speed and low handgrip strength (3.7 versus 3.4) compared with those without sarcopenia. Surprisingly, these odds are similar to those reported in the FNIH study, on which the cut-points were derived. 4 However, compared with the new SA cut-point, the FNIH criteria had significantly higher sensitivity and identified more than four times (38.7% versus 9.1%) as many older black women with sarcopenia. Despite variation in the numbers of sarcopenic women identified by the different cut-points, low counts were recorded for women with low gait speed and handgrip strength, resulting in relatively low sensitivity to identify sarcopenic women with low functional ability.
The varied prevalence of sarcopenia based on different cutpoints among the older women in our study underlines the importance of consensus about an ethnic-specific cut-point for clinical practice. Using different cut-points within the same population may result in overdiagnosis and unnecessary treatment of sarcopenia in resource-limited settings or failure to diagnose and treat those who urgently need treatment. A recent study drew attention to the limitations of applying mathematical distributions to define sarcopenia from data of reference groups, often resulting in wider variations and consequently higher prevalence estimates. 7 These cut-points should therefore be assessed on the basis of predictive relationships to functional outcomes. 7 A limitation of this study is that only two data sets without proper characterisation of tribal descent were available as reference data to calculate an ASMI-based cut-point. DXA technology is not generally available in Africa, resulting in a lack of data to compile a reference database. Our findings were not limited by the small sample size, as the SA groups had more women (n = 371 and n = 238) compared with the Rosetta study (n = 122), 2 and similar numbers to the Brazilian study (n = 349). 3 Because of the high prevalence of obesity among SA women 26 the available SA data included more overweight and obese compared with normal weight women. Ideally, a reference group with a normal body composition distribution should be recruited to assess a more appropriate cut-point for sarcopenia for the sub-Saharan black population. The skewed distribution of BMI and FM and greater s.d. of the ASMI of our reference groups resulted in a lower sarcopenia cut-point, irrespective of their mean ASMI. The lower counts that could impact their results were added as a limitation. Although the mean age of the older group in this study was 58.9 years, the average life expectancy of SA women is 58.3 years (http://www.worldlifeexpectancy.com); therefore, this sample reflects older SA women. In addition, although the older group were apparently healthy at recruitment, 9.5% of them were HIV positive. This did not, however, change our results.
In conclusion, the results indicate that the new SA cut-point was able to predict reduced functional ability in older SA women and outperformed established internationally accepted cut-points. The results of this study could have implications for the early identification of sarcopenia among black women in sub-Saharan Africa, with the view for more targeted early intervention in this high-risk and understudied population. Although the new SA cutpoint and the FNIH ASM criterion had similar odds of predicting reduced functional ability in older black women, the FNIH ASM cut-point had greater sensitivity to detect sarcopenia. Further research in African populations is necessary to confirm the appropriateness of these cut-points.
